The combined effects of low concentrations of gentamicin on 
The combined effects of low concentrations of gentamicin on certain ,B-lactam antibiotics were studied by the agar plate method. The combination of gentamicin with cephalothin produced synergism against 17 of 26 strains of Escherichia coli and 19 of 27 strains of Klebsiella sp. if assessed at the bacteriostatic (minimal inhibitory concentration) level. Synergy against many more strains was apparent when bactericidal concentrations were used. Synergy against most of these strains was observed if bactericidal concentrations with brief exposure times (3 h ) to the antibiotics were used for measurement. Additive effects were observed in almost all of the remaining strains. The combination of gentamicin and carbenicillin were synergistic against most strains of Pseudomonas aeruginosa when any bacteriostatic or bactericidal measurement was used as the criterion.
Bactericidal activities of antimicrobial agents are widely accepted as more important than bacteriostatic activities in the treatment of subacute bacterial endocarditis. It is presumed that bactericidal activities are also essential in the management of infected patients with seriously impaired host defense mechanisms. Many reports indicate that Escherichia coli, Klebsiella sp., and Pseudomonas aeruginosa are the most frequently encountered bacteria isolated from such patients (2, 3, 12, 16) . In these patients, aminoglycoside antibiotics such as gentamicin and certain f,-lactam antibiotics are often used in large amounts, either separately or in combination (1, 15 Another set of plates was allowed to stand in a 350C
incubator for 3 h. The plates were then treated with ,f-lactamase spray to inactivate the f,-lactam antibiotic. They were further incubated at 35°C overnight.
The minimum concentration E of the f)-lactam drug producing a 99.9% kill was defined as the 3-h MLC (11) . The concentrations E' and F' of the ,B-lactam drug and gentamicin in combination which produced the best result in terms of a 99.9% kill were also determined. Table 3 tabulates the results obtained with antibiotics on the agar plates by fl-lactamase treat-gentamicin, carbenicillin, and 43 strains of P. ment was also performed, as described previously (9) . aeruginosa. In contrast to E. coli and Klebsiella sp., we observed synergistic effects against most RESULTS of these strains when any (MIC, MLC, or 3-h Table 1 represents the MICs of gentamicin MLC) concentration was used. and the MICs, MLCs, and 3-h MLCs for cepha-DISCUSSION lothin, together with their combined effects against 26 strains of E. coli. Our data indicate
The investigation outlined in this paper was that the two antibiotics produced synergistic designed to assess the effects of low concentraeffects against 17 strains, whereas only additive tions of gentamicin on 8-lactam antibiotics not and antagonistic effects were observed against only at bacteriostatic but also at bactericidal seven and two strains, respectively, out of 26 levels for a relatively large number of test strains if the FIC index (MIC level) was used for strains. Since no inactivation of gentamicin was measurement. Synergy against many more perforned (since no suitable enzymes for inacstrains, namely, 20 and 25 strains, was observed tivation of gentamicin were available in our labif the FLC index (MLC level) and the 3-h FLC oratory), we can report no data on real combined index (3-h MLC level), respectively, were used. bactericidal activities of this drug. We are deal- Table 2 summarizes the results with genta-ing with enhanced bactericidal activities of fi- (6) (7) (8) . A small amount of antibiotic activity on the agar plates remaining even after fi-lactamase treatment, in some instances, would also be responsible for this result. In the case ofP. aeruginosa, inactivation of gentamicin by high concentrations of carbenicillin (13) would have had some influence on the apparent bacteriostatic and bactericidal levels reported.
